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I ORIGINAL CONTRIBUTION

US Military Smallpox Vaccination Program

Experience

John D. Grabenstein, RPh, PhD
William Winkenwerder, Jr, MD, MBA

N DECEMBER 2002, THE UNITED

States implemented a program of

smallpox vaccinations for approxi-

mately 500000 military personnel.
The directive came as part of a national
program of preparedness against bio-
logical attack.! Preattack vaccination was
determined to be the best way to per-
sonally protect troops so they can con-
tinue their missions.?* The program was
therefore mandatory for designated ser-
vice members and employees except
those with contraindications. This article
describes the first 450293 vaccinations.

METHODS

To develop vaccination policy, the US
Department of Defense (DoD) drew from
its own physicians, scientists, and admin-
istrators® as well as colleagues in gov-
ernment and academia. The military vac-
cination program included vaccination
for smallpox epidemic response teams
(2000-5000 people) to assist with epi-
demic control and contact tracing in an
outbreak, medical teams for hospitals
and clinics (10000-25000 people) to
care for smallpox cases, and opera-
tional forces (up to 500000 people) to
preserve critical capabilities.

Education, Training, and Screening

The US Army conducted a medical train-
ing conference in October 2002. This
conference was videotaped and posted
at http://www.smallpox.army.mil. Medi-
cal directors completed 8 hours of train-
ing; physicians and supervising nurses

See also pp 3283, 3290, 3295,
and 3306.
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Context The United States recently implemented smallpox vaccination of selected
military personnel in a national program of preparedness against use of smallpox as a
biological weapon. The resumption of smallpox vaccinations raises important ques-
tions regarding implementation and safety.

Objective To describe the US military smallpox vaccination program.

Design Descriptive study of the vaccination program from its inception on Decem-
ber 13, 2002, through May 28, 2003.

Setting US Department of Defense (DoD) fixed and field medical treatment facili-
ties on multiple continents and ships at sea.

Subjects US service members and DoD civilian workers eligible for smallpox vacci-
nation.

Main Outcome Measures Numbers of vaccinations and rates of vaccination ex-
emptions, symptoms, and adverse events. Data were collected via reports to head-
quarters and rigorous surveillance for sentinel events.

Results In 5.5 months, the DoD administered 450293 smallpox vaccinations (70.5 %
primary vaccinees and 29.5% revaccinees). In 2 settings, 0.5% and 3.0% of vaccine
recipients needed short-term sick leave. Most adverse events occurred at rates below
historical rates. One case of encephalitis and 37 cases of acute myopericarditis devel-
oped after vaccination; all cases recovered. Among 19461 worker-months of clinical
contact, there were no cases of transmission of vaccinia from worker to patient, no
cases of eczema vaccinatum or progressive vaccinia, and no attributed deaths.

Conclusions Mass smallpox vaccinations can be conducted safely with very low rates
of serious adverse events. Program implementation emphasized human factors: care-
ful staff training, contraindication screening, recipient education, and attention to ban-
daging. Our experience suggests that broad smallpox vaccination programs may be
implemented with fewer serious adverse events than previously believed.

JAMA. 2003,;289:3278-3282 Www.jama.com

completed 6 hours; vaccinating nurses
and medics completed 3 hours. Leaders
educated vaccine candidates and rein-
forced messages after vaccination. We
provided brochures and curricula as well
as customized information services via
telephone (877-GET-VACC) or e-mail
(vaccines@amedd.army.mil).

To identify people with contraindica-
tions to vaccination,*® clinicians used a
standardized recording form to screen for
skin conditions, immunosuppression,
pregnancy or breastfeeding, and aller-
gies (http://www.smallpox.army.mil
/resource/forms.asp). Completed forms
were reviewed by medics, nurses, nurse

practitioners, physician assistants, and
physicians in a triaged manner before
vaccination. The DoD used its periodic
testing program for human immunode-
ficiency virus (HIV) infection to iden-
tify that contraindication. Women were
advised that pregnancy is a contraindi-
cation, asked about pregnancy status, and
provided pregnancy tests, if requested.

Author Affiliations: Military Vaccine Agency, US Army
Medical Command, Falls Church, Va (Dr Graben-
stein); Assistant Secretary of Defense (Health Affairs),
Pentagon, Washington, DC (Dr Winkenwerder).
Corresponding Author and Reprints: John D. Gra-
benstein, RPh, PhD, Military Vaccine Agency, 5111
Leesburg Pike, Suite 401, Falls Church, VA 22041
(e-mail: john.grabenstein@us.army.mil).
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Infection Control

Each hospital and clinic established
bandage evaluation stations.*’ For non—
health care workers, infection control
practices focused on bandages (eg,
simple Band-Aid type bandages with
20 X 25-mm pads), sleeves, and hand
washing. To calculate time at risk, each
vaccinee was assumed capable of
spreading vaccinia for 21 days after vac-
cination.

Quality Control and
Implementation
The licensed full-strength smallpox vac-
cine (Dryvax, Wyeth Laboratories, Mari-
etta, Pa) containing the New York City
Board of Health strain of vaccinia was
used in this program.*® First-time vac-
cination entailed 3 punctures with a
bifurcated needle. Previous vaccinees
received 15 punctures. Those who did
not respond with a major reaction as
defined by the World Health Organiza-
tion (WHO)’® were vaccinated again.
Smallpox vaccinations began at 4 pilot
sites: Walter Reed Army Medical Cen-
ter, Washington, DC; Aberdeen Prov-
ing Ground, Md; Wilford Hall Air Force
Medical Center, Lackland Air Force Base,
San Antonio, Tex; and the National Naval
Medical Center, Bethesda, Md. For qual-
ity control, clinics tracked the vaccina-
tion response rates of the first 25 people
for each vaccinator.

Surveillance for Adverse Events

Postvaccination surveillance assesses the
screening process, health events shortly
after vaccination, and events months or
years after vaccination. Vaccine Health-
care Centers evaluate complex cases. A
registry was established for women vac-
cinated before recognition of preg-
nancy, a joint project with the Centers
for Disease Control and Prevention
(CDC).? An independent safety moni-
toring panel, coordinated by the Armed
Forces Epidemiological Board and the
Advisory Committee on Immunization
Practices, reviews weekly updates.'* We
shared experience weekly with CDC and
state health departments.

Adverse events reported here were
collected via symptom surveys from

©2003 American Medical Association. All rights reserved.

US MILITARY SMALLPOX VACCINATION PROGRAM

each vaccinated member of the first 7
operational units vaccinated (n=526),
plus reports to headquarters and rig-
orous surveillance for sentinel events.
Frequencies are reported for the units
described. The number of adverse
events identified was divided by the size
of the vaccinated cohort. Exact confi-
dence intervals were calculated for Pois-
son distribution of rare events.

Definitions of adverse events were de-
rived from expert consultants. General-
ized vaccinia involved vesicles or pus-
tules in several locations distant from the
vaccination site that evolved like vac-
cinial vesicles and pustules. Encephali-
tis involved altered consciousness for at
least 24 hours with more than 5 white
blood cells/uL in cerebrospinal fluid.
Myopericarditis involved chest pain and
elevated cardiac enzymes (eg, tropo-
nin, creatine kinase-MB), as reported by
Halsell et al'! elsewhere in this issue of
THE JOURNAL.

RESULTS

From December 13, 2002, through May
28, 2003, a total of 450293 personnel
were vaccinated against smallpox with
the New York City Board of Health strain
(TABLE 1). Vaccinations occurred in fixed
and field medical facilities in North
America, Europe, Asia, Africa, and Oce-
ania and on ships at sea. At peak, more
than 50000 vaccinations were adminis-
tered per week.

The median age of vaccinees was 26
years and 87% were men; 70.5% were re-
ceiving their primary (first) vaccina-
tion. Contraindications due to either per-
sonal conditions or conditions among
household contacts varied by military
unit, temporarily deferring vaccination
in 11% to 34% of eligible personnel. Skin
conditions predominated, followed by
pregnancy and immune conditions. Ex-
emptions ranged from 4.9% to 7.8%
among deployed units, where house-
hold contacts were not present.

Military immunization clinics re-
ported high rates of successful vaccina-
tion (major reactions, response rates).>®
Some clinicians sought advice to con-
firm that small dermal responses fit the
WHO definition. At the 4 pilot clinics,

|
Table 1. Demographic Characteristics of
Smallpox Vaccinees, December 13, 2002, to
May 28, 2003 (n = 450293)*

Characteristics

Age, y
Mean (SD) 28.8 (8.9)
Median (range) 26 (17-76)
Sex
Female 57460 (12.8)
Male 392833 (87.2)
Ethnicity
Non-Hispanic 394857 (87.7)
Hispanic 39461 (8.8)
Unspecified 15975 (3.5)
Race
White 328612 (73.0)
African American 80796 (17.9)
Asian/Pacific Islander 10459 (2.3)
Native American 3927 (0.9)
Other 26499 (5.9)
Vaccination status
Primary vaccinees 317637 (70.5)
Revaccinees 132656 (29.5)

*Vaccinations continue. Current number of vaccinees is
larger. Data are No. (%) unless otherwise specified.

971 of 1017 primary vaccinees (95.5%)
were successfully vaccinated with a
single vaccination. Among 975 people
who had been vaccinated decades ear-
lier, 934 (95.8%) were successfully vac-
cinated with a single vaccination.
Around the world, 2 vaccine recipients
were treated successfully with epineph-
rine for acute allergic events.

Vaccinated health care workers re-
mained on the job (including surgery and
labor and delivery), using bandages,
sleeves, hand washing, and evaluation
stations. Vaccinated workers were not
prohibited from caring for immunocom-
promised patients. No transmission of
vaccinia from a health care worker to a
patient was identified during an esti-
mated 19461 worker-months of inter-
action with patients. Conversely, no vac-
cinee later treated as a patient transmitted
vaccinia to a health care worker.

Expected temporary symptoms
occurred after vaccination, notably itch-
ing, muscle ache, “feeling lousy,” head-
ache, swollen lymph nodes, irritation
from bandages, subjectively reported
fever, and local rash (TABLE 2). Approxi-
mately 1% of vaccine recipients devel-
oped cutaneous eruptions beyond the
vaccination site.

Among carefully observed workers
at Walter Reed Army Medical Center,
the frequency of vaccinated workers

(Reprinted) JAMA, June 25, 2003—Vol 289, No. 24 3279
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taking sick leave was 3.0% (16/530),
typically 8 to 12 days after vaccina-
tion. The most common duration was
1 day (mean, 1.5 days; maximum, 4
days). Eleven of 198 primary vaccin-
ees (5.5%) took sick leave, as did 5 of
332 revaccinees (1.5%). Among 16 de-
ployed US Air Force clinics serving
20272 vaccinees, 0.5% took 1 or 2 days
of sick leave after vaccination. Other
sites reported similar results.

Skin eruptions or rashes caused con-
cern among clinicians. These rashes were
generally mild and treated symptomati-
cally. In 16 cases with maculopapular
rashes, vaccine recipients were hospital-

]
Table 2. Expected Temporary Symptoms
and Short-term Outcomes After Smallpox
Vaccination™

No. (%)

Symptoms
Local itching 313 (60)
Muscle ache 110 (21)
Feeling lousy 109 (20)
Headache 95 (18)
Swollen lymph nodes 74 (14)
Bandage reaction 39 (7.4)
[tchy all over 29 (5.5)
Fever (subjective) 28 (5.3)
Local rash 28 (5.3)
Body rash 8(1.1)

Qutcomes
Took medication 89 (17)
Restricted activity 7(1.9
Outpatient visit 4(0.8)
Missed work 1(0.2)

*Via survey completed 6 to 8 days after vaccination among
all 526 vaccinated personnel assigned to the 2nd (New
York), 35th (West Virginia), and 103rd (Alaska) Civil Sup-
port Teams; Aberdeen Proving Ground, Md; Fort Jack-
son, SC; Lackland Air Force Base, Tex; and Schofield
Barracks, Hawaii.

ized, in part because of uncertainty about
contagiousness or clinical course. This
was especially true early in the pro-
gram. In each case, patients returned to
duty promptly. Subsequent patients of
comparable acuity were typically not hos-
pitalized. Six service members devel-
oped cellulitis as diagnosed by physi-
cians, were treated with intravenous
antibiotics, and returned to duty.
Noteworthy adverse reactions are
summarized in TABLE 3. Thirty-six vac-
cine recipients may qualify as mild cases
of generalized vaccinia (based on re-
ports to the Vaccine Adverse Event Re-
porting System), all among primary vac-
cinees (35 men and 1 woman). Each
was treated symptomatically (eg, with
antihistamines, analgesics, antipyret-
ics) and returned to duty. Nine were
hospitalized for observation, notably by
clinicians seeing their first such pa-
tient. Erythema multiforme major con-
firmed by skin biopsy developed in a
20-year-old service member 19 days af-
ter receiving smallpox and several other
vaccines. This case was deemed to pos-
sibly be associated with smallpox vac-
cination, given multiple possible causes.
Thirty-eight reports of inadvertent
implantation (“autoinoculation”) of the
skin were submitted, with varying cer-
tainty of association to vaccinia. Affected
sites included chest, cheek, arm, finger,
wrist, genitals, groin, and mouth. Ten
others involved possible or probable ocu-
lar vaccinia, typically treated with triflu-

]
Table 3. Noteworthy Adverse Events After Smallpox Vaccination

No. of DoD Rate per Million Vaccinees Historical Rate per
Event Type Events (95% Confidence Interval) Million Vaccinees
Mild or temporary
Generalized vaccinia, mild 36 80 (63-100) 45-212%*
Erythema multiforme 1 NA NA
Inadvertent inoculation, self 48t 107 (88-129) 606*
Vaccinia transfer to contact 21 47 (35-63) 8-27*
Moderate or serious
Encephalitis 1 2.2(0.6-7.2) 2.6-8.7*
Acute myopericarditis 37 82 (65-102) 100F
Eczema vaccinatum 0 0(0-3.7) 2-35*%
Progressive vaccinia 0 0(0-38.7) 1-7%
Death 0 0(0-3.7) 1-2%

Abbreviations: DoD, US Department of Defense; NA, not available.

*Based on adolescent and adult smallpox vaccinations from 1968 studies (both primary and revaccination).?’->
FIncludes 38 inadvertent innoculations of the skin and 10 of the eye.

fBased on case series in Finnish military recruits given the Finnish strain of smallpox vaccine.®
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ridine eye drops. Four (skin=3, eye=1)
were confirmed by culture and polymer-
ase chain reaction (PCR) test.

We identified 21 instances of contact
transfer of vaccinia, all involving pri-
mary vaccinees, in 306673 person-
months of potential contact with vac-
cinia. These included 10 spouses, 2
children, 5 intimate contacts, and 4
friends. No cases of contact vaccinia were
observed in patients. The most com-
monly named mechanism involved fail-
ure to observe bandaging discipline (eg,
touching vaccination sites, touching
bandages). Most cases were clinically
mild, manifesting as pustules on arms,
shoulders, or hips. In 2 cases, conjunc-
tivitis or blepharitis developed; each was
treated with trifluridine. One was treated
with vaccinia immune globulin (VIG)
and discharged from the hospital the fol-
lowing day.'* Hundreds of thousands of
vaccinees flew from North America to
southwest Asia before their vaccinial
scabs had fallen off, yet no spread to pas-
sengers or flight attendants was reported.

Two cases of encephalitis as de-
fined by attending physicians pre-
sented 7 and 9 days after vaccination,
the first in a 23-year-old after primary
vaccination and the second in a 38-
year-old after revaccination. In both
cases, the patients recovered and re-
turned to duty. The first case met ob-
jective criteria for encephalitis but the
second did not. Diagnostic studies in
the first case by viral culture and PCR
did not establish vaccinia or 9 other vi-
ruses as a cause. Twenty-three other
neurologic events occurred, 1 fatal.
Their association to vaccination is un-
clear, given multiple possible causes
(neuromuscular weakness or palsy =0,
seizures=06, meningitis=4, optic neu-
ritis=2, demyelinating conditions [eg,
Guillain-Barré syndrome] =2, altered
cognition=2, transient visual defect=1).

Thirty-seven suspected, probable, or
confirmed cases diagnosed as acute myo-
pericarditis developed in male primary
vaccinees aged 21 to 33 years at 7 to 19
days after vaccination. In each of the ini-
tial 18 cases described by Halsell et al,'*
the patient presented with chest pain, and
elevated cardiac enzymes were found;

©2003 American Medical Association. All rights reserved.
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electrocardiogram (ECG) and echocar-
diogram findings varied. Clinical con-
ditions ranged from mild (no ECG or
echocardiogram changes) to severe (1
case of transient lowered ejection
fraction)."® All survived and either have
or are expected to return to duty.

Eight additional cardiac events
occurred 2 to 12 days after vaccination
(myocardial infarction=4, angina=2,
coronary artery spasm=1, atrial
fibrillation=1). A 55-year-old male ser-
vice member died after a myocardial
infarction 5 days after vaccination.
Autopsy findings showed 3-vessel coro-
nary occlusion, left ventricular hyper-
trophy, and cardiomegaly."

Despite extensive efforts to avoid vac-
cinating women who were pregnant,
85 of 62622 vaccine-eligible women
(0.14%) were vaccinated before they
knew they were pregnant. Once found
to be pregnant, these women were of-
fered clinical support and medical coun-
seling, and enrolled in a prospective reg-
istry. >

Ten male service members aged 23
to 37 years were vaccinated before rec-
ognition that they were infected with
HIV. Each responded successfully to
vaccination and their sites healed at the
expected pace. Later studies showed
that their CD4 cell counts ranged from
303 to 751 cells/pL shortly after vacci-
nation.

One service member received exten-
sive burns 5 days after vaccination. To
preclude vaccinial complications of his
recovery, this man received VIG pro-
phylactically. He developed new
vesicles 13 days after receiving VIG, but
the vesicles tested negative for vac-
cinia by PCR and culture. Another
burned service member whose vacci-
nation site had scabbed over was not
treated with VIG. He did not develop
other vaccinial lesions.

No cases of eczema vaccinatum or
progressive vaccinia occurred. We at-
tribute no deaths to smallpox vaccina-
tion to date."”

COMMENT

Smallpox affected soldiers and sailors
for centuries.*#'>!¢ United States ser-

©2003 American Medical Association. All rights reserved.
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vice members received smallpox vac-
cination from the War of 1812 until
1990.!718 A 1977 report notes 54 hos-
pitalizations per 1 million vaccina-
tions (mainly secondary infections)."
Between 1965 and 1975, the US Air
Force recorded 6 encephalitis cases af-
ter vaccination.'” Service members
spread vaccinia to several civilians in
the 1980s.2°* After extensive search-
ing, we could not confirm any deaths
due to smallpox vaccination of mili-
tary personnel since 194317192426

Surveillance of the current US mili-
tary smallpox vaccination program iden-
tified an increased risk of myopericar-
ditis after smallpox vaccination.!’ We
believe myopericarditis resulted from
smallpox vaccination in the 1960s but
was underrecognized because cardiac
enzyme and imaging technologies were
still being developed. We observed is-
chemic events after vaccination but
at a rate that was less than the age-
adjusted rate expected among unvacci-
nated military personnel. Allowing for
underreporting, we found no causal as-
sociation between vaccination and is-
chemic events.

The incidence of adverse events in
Table 3 reflects rates largely below
those reported in the 1960s and 1970
(although such comparisons must
be interpreted with caution given
differences in age, prior vaccination,
population immunity, and other
variables).?”*° In addition, underre-
porting may affect our rates and his-
torical rates,””>! but our global com-
munications and surveillance would
tend to reduce underreporting. Mili-
tary commanders were vigorous in iden-
tifying troops needing treatment. Tele-
consultation identified noteworthy cases
that may have been missed in earlier
eras. Historical rates are not directly
applicable to contact transfer because
of differences in population immunity
and underlying disease.

Our individualized screening for con-
traindications may explain the lack of ec-
zema vaccinatum or progressive vac-
cinia.®” Extensive education may have
contributed to low rates of inadvertent
inoculation. Interestingly, reports of in-

advertent inoculation from the United
States did not differ substantially from
rates reported in Asia, where sanitary
conditions are rudimentary. Medical of-
ficers attributed the low rates overseas
to disciplined wearing of long sleeves, at-
tention to personal hygiene, and train-
ing. We observed 1 probable case of au-
toinoculation among 27801 military
health care workers, comparable with the
3 confirmed cases reported among 34541
civilian health care workers.*

Successful implementation of ban-
dage evaluation stations in our health
care settings validates this approach.®’
Our experience suggests that no dis-
ruption of routine clinical care need
occur after vaccination given vigorous
infection control.

Similarly, we observed a low rate of
contact transfer of vaccinia, despite the
close living conditions associated with
mobilization and deployment. These
conditions are known risk factors for
other contagious diseases. Most vac-
cine recipients used simple bandages, not
semipermeable dressings, suggesting the
primacy of human factors and postvac-
cination discipline. Health care work-
ers in both military and civilian settings
have been comparably successful in not
spreading vaccinia to their contacts.*

This descriptive report cannot estab-
lish the efficacy of the screening, edu-
cational, and surveillance methods used
because it lacks an explicit control
group. Additional efforts will be needed
to evaluate the relative efficiency of al-
ternative approaches.

The DoD is responsible for protect-
ing and preserving the health of US ser-
vice members. We vaccinated with this
responsibility in mind. Because small-
pox vaccine is associated with tempo-
rary unpleasant symptoms and carries a
small risk of serious adverse events, we
sought to implement our program with
dueattention to safety. We offer our expe-
rience to help the civilian community.
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